For the problems of the temperature measurement and control system in steel mill, a temperature measurement and control system based on single chip microcomputer has been designed. The problems are defects in low precision of temperature measurement and large drift of temperature controlling. The designed system includes hardware circuit and software design and it is suitable for temperature controlling of smelting special steel furnace in steel mill. The fitting curve and the analysis result obtained based on the actual measured data. The result shows that the error between the actual measured data and the fitting calculation data is 0.1℃. The system has functions of the real-time detection, display, and over-temperature-alarm.
Introduction
The furnace temperature controlling in the process of the furnace temperature measurement for smelting special steel in steel mill includes the process temperature controlling and end temperature controlling. In them the process temperature controlling is very difficult. The temperature fluctuation of molten steel is large if the temperature does not control. In the previous control system, the method of point by point measurement has been used and the controlling method is single method. An idea based on single chip microcomputer had been envisaged. The comparing between the stored data and the data of fitting curve could be worked in the new system. The heater would be started if the stored data is less than that of fitting curve. Based on this analysis, the team has developed a system for the steel furnace temperature measurement and control based on the thermocouple. The thermocouple is suit for the measurement of the special steel smelting temperature with the ultra-high temperature environment and realizes the precise controlling of the furnace temperature [1] .
Design Scheme

2.1.Design idea
The purpose of the system design is for overcoming the defects in the process of smelting special steel temperature measurement and controlling in steel mill. A system of temperature measurement and controlling has been developed based on single chip microcomputer. It could obtain accurately the temperatures in the measured area with point distribution temperature measuring method in the field and a number of average temperatures have been obtained. If the measure temperature is below a range of the stored curve the measured area would start heater for continuous heating then would keep with constant temperature [2] . The precision of the temperature sensor is 1℃ and the temperature measurement range is 0℃~ 1800 ℃.
The temperature drift of the thermocouple is very low; it reaches below 1 μV per degree and the stability is good [3] . The switching time of up to 500 μs with electronic solid state relay (SSR) as the load and it is controlled by chopping; it is quick response, so that it is suit for the accurate debug heating mode. The varied pulse duty ratio is used for adjusting the heating time and the heating frequency for ensuring the precision of controlling temperature [4] .
2.2.Hardware section of system circuit
2.2.1.Black diagram
This device includes CPU module (STM32F407) that is used for controlling the work of the whole furnace temperature. The controlling process includes the collected data that is from thermocouple 1 reflects the size of the furnace temperature after A/D conversion. The outputted current signal 4~20 mA is for analog display instrument. The outputted over high-temperature alarm signal is into the driver circuit. The block diagram is as shown in figure 1.
2.2.2.Sensors and compensation circuit
The selected sensor is Platinum Rhodium 10-Platinum thermocouple sensor and its measured temperature range of 0~1800℃. The bridge compensation method is adopted as cold end compensation and it compensates the fluctuations of the thermoelectric emf caused by temperature change in cold end through the emf produced from unbalanced bridge. The unbalanced bridge consists of resistors of four bridge arm R 1 -1, R 2 -1, R 3 -1, R cu -1, and regulated power supply in bridge road as shown in figure 2. 
2.2.3.Single chip microcomputer control circuit
The single chip microcomputer circuit of IC1 (STM32F407RDT6) is with 32 bits and it used advance Cortex-M4 kernel. It can be done within the FFT, all kinds of filtering, signal compression, and recognition. It is with multiple bus parallel processing capabilities such as input external high-speed Ethernet, highspeed USB, two general DMA ways. At the same time it drives LCD screen with output of audio signal. This circuit has the ultra low power and the power consumption is only 38.6 mA when the frequency is 168 MHz [5] .
Fitting Theory Method and the Result Analysis Sub-Headings
Due to the relation between the thermocouple sensor of temperature with the thermoelectric emf is not a single linear function. In order to improve the effectiveness of the system in programming, the temperature range must be found. In the temperature range the relation between the thermocouple sensor of temperature with the thermoelectric emf is an approximate linear function. It is very beneficial for computing and programming. The Least Square Method is used to the selected thermocouple of platinumrhodium 10 -platinum for curve fitting for determining the ratio parameter of the thermocouple temperature measurement and thermoelectric potential. The temperature ranges are over whole thermocouple measuring range. The space of the fitting point is 1℃ and the maximum fitting error is not more than 0.1 ℃.
3.1.The basic theory of the fitting
It supposes the relationship between the thermocouple temperature T and the thermoelectric emf E is ) (E T T  . For T n the corresponding thermoelectric emf is E n , (n = 0, 1, ...) and the temperature range is -50 ~ 1800 ℃. The function
is not a single linear function and it can be used m-order polynomial as fitting function. The Least Square Method can use to fit curve for the n + 1 nodes [12] . It supposes
here j a (j=0, 1, 2, …, m), for i E (i=0, 1, 2, …, n) the sum of the error square is 
3.2.The steps for curve fitting formula
(1) To determine the maximum fitting error in each node (The default value is 0.3℃) and the fitting temperature range is -50~1800℃. (2) To list the equations (9) and to solve each element of the coefficient matrix then to decide the equation (6).
(3) To check the fitting error (a) If the error is too large it would recalculate with more number of fitting polynomial or decreasing the temperature range.
(b) If the error is too small it would recalculate with increasing the temperature range.
(c) If the error is normal it would execute the next internal fitting.
(d) If the range does not increase or there is no next range the calculation process is end.
3.3.Analysis of the calculation result
The polynomial calculation of the indexing table for Platinum Rhodium 10-Platinum thermocouple and its result based on the criterion of IEG584-1 and GB3772-83 are following.
The calculation formula of emf with the temperature T.
-
for -50~629℃; ℃ Based on the curve fitting for Platinum Rhodium 10-Platinum thermocouple with Least Square Method the fitting formula of temperature with thermoelectric emf of thermocouple has been obtained. The maximum error is less than 0.1℃.
Conclusion
This paper introduces a design scheme, meeting problem in the implementation, and the solving method. The scheme is intelligent design scheme of circuit system for temperature measurement and controlling by single chip microcomputer STM32F407 as kernel in steel furnace. It has extensive practical value. The temperature measurement range is 0℃~1800℃, the measurement precision is 1℃, and the maximum error is less than 0.1℃ after the test results are analyzed. Based on the performance indexes the measurement and controlling system of temperature for furnace has reached the advanced level of similar to the products at home and abroad.
